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THIRTY  YEARS  OF  STUDYING  VIRUS  DISEASES  j 

IF  PLANTS  TN  USEE  * 

V.  L.  Ryzhkov 

The  meat  October  revolution  which  has  transformed  all  aspects  of 
life  in  our  country,  has  brought  into  being  new  d evelooments  in  old 
cities,  and  new  cities  in  deserts  and  woods.  It  has  also  created  new 
branches  of  economic  and  spiritual  activity,  among  which  we  may list  the 
study  of  vims  diseases  in  plants.  This  is  correct  even  though  the  first 
experimental  investigations  of  vims  desease  in  tobacco  were  conducted  at 
the  end  of  the  last  century  by  D.  I.  Ivanovsky.  Following  the  discoveries 
of  this  pioneer  in  the  study  of  filtrating  viruses  there  is  a  long  in¬ 
terval,  and  published  words  in  the  Russian  language  on  the  subject  of  vims 
diseases  in  plants  begin  to  appear  again  only  after  the  October  revolution. 

The  founder  of  the  Russian  phytopatholopy  A.  A.  Yachevsky  published 
in  1925  a  pamphlet  dealing  with  the  vims  diseases  in  potatoes.  The 
first  experimental  work  which  was  carried  on  in  the  USSR  after  Ivanovsky 
deals  with  infectious  chlorosis  i’-  the  spindle  tree  and  was  published  in 
1927,  Somewhat  later  Ukrainian  phytopathologists  conducted  a  large  scale 
investigation  of  mosaic  blieht  in  beets,  resulting  in  a  comnilat.ion  of 
works  Published  in  1930  under  the  editorship  of  V.  P.  Muraviev.  In  the 
same  year,  under  the  leadership  of  the  author  of  this  article,  at  the 
initiative  of  T,  D,  Strakhov,  there  was  organized  in  the  Ukrainian 
Institute  for  Plant  Protection  the  first  laboratory  for  the  special  study 
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of  virus  plant  diseases.  During  subsequent  development  of  work  in  this 
direction  the  publication  of  special  monogranhs  acouairtirg  the  Russian 
reader  with  the  literature  of  the  world  (1933*  1935)  was  of  great  importance, 
as  well  as  a  series  of  conferences  in  Kharkov  in  193^,  also  in  Moscow  in  the 
same  year,  and  then  again  in  Moscow  in  19li0. 

V.  A.  Riakhovsky  took  upon  himself  the  task  of  compiling  a  Russian 
bibliography  o^  the  virus  diseases  of  plants,  and  gives  the  following  figures: 


Works  oublished 


Years 


1892-1917 

1918-1928 

1929-1933 

1931;-1938 

1939-19liO 


This  table  shows  that  the  majority  of  Russian  publications  came  out  since 
1933*  after  appearance  of  the  first  monograph  devoted  to  this  problem. 

The  facilities  granted  by  the  Government  to  Soviet  scientists  made 
this  rapid  development  possible.  During  a  short  time  an  enormous  amount  of 
work  has  been  done  in  the  study  of  virus  diseases  occurring  in  our  country, 
whereby  some  cultural  plants  were  studied  in  particular  detail. 

I,  F.  Khudyna  studied  and  identified  the  orircinal  diseases  of  the 
tobacco  plant,  and  preventive  measures  were  devised  to  combat  there  diseases. 

The  virus  diseases  of  the  tomato  plant  are  discussed  for  the  first  time 
in  the  works  of  W  L.  Pyzhkov  and  I.  K.  Kovachevsky,  and  simultaneously 
with  Australian  authors  they  published  a  treatise  on  the  nature  of  dig- 
bud.*  K.  V.  Sukhov  and  A.  M.  Vovk,  V.  K,  Fazhurilo  and  0.  M.  Sytnikov 
studied  some  very  interesting  virus  diseases  in  graminesus  plants,  which 

*  Dig- bud  is  called  in  Russian  "stalbur"  and  is  transmitted  by  hyalcsthis 

obsoletus.  Translator’s  note. 
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were  new  to  science,  rosette  blight  of  oat,  and  tne  mosaic  disease  of' 
wheat,  -V.  A.  Kreutzberg  has  described  a  disease  new  to  science  of  the 
pistachio  nut.  Here  should  also  be  mentioned  the  works  of  E.  D,  Yakimovich 
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on  virus  diseases  of  soya,  of  0.  V.  Vertogradova,  0.  B,  Vataiina,  and  others, 
on  -she  virus  diseases  of  berry  plants;  of  K,  S.  Rakhlis,  on  the  virus 
diseases  of  hops;  of  K,  V,  Yatsynin,  or  the  mosaic  blight  of  the  cucumber; 
of  S.  A,  Ositskaya  and  M.  I,  Goldina  on  the  tomato  bligh*,  etc. 

Tr  the  various  republics  of  the  Soviet  Jnior  local  centers  have  a- 
risen  for  the  study  of  virus  diseases.  D,  D.  Ve rderevsky  in  Azerbeidjan 
has  discovered  the  curly  leaf  of  the  cotton  plant,  which  has  beer  thoroughly 
studied  by  S,  V.  Moskovets  and  his  collaborators,  other  virus  diseases  in 
this  locality  having  been  studied  by  S,  I.  Sbioinova.  Under  the  leadership 
of  S.  A.  Konchivelli  a  serious  study  of  virus  diseases  in  C-eorgia  was  con¬ 
ducted  by  E.  A.  Eristavi.  In  Armenia  studies  along  these  lines  were  made 
by  D.  V.  Babayan,  A.  V.  Kirokasyan;  in  Bielsrussia,  by  R.  M.  Pivovarova,  and 
others. 

The  first  Russian  investigations  of  insects,  carriers  of  virus  diseases, 
can  be  attributed  to  A,  I,  Vavinenko,  who  ascertained  the  mosaic  blight  of 
beets,  K.  S.  Sukhov  and  A.  M.  Vovk  found  the  carriers  of  the  rosette  disease, 
the  yellows  of  Xok-saghyz,  and  dig-bud.  V,  K,  Fazhurils  and  0,  M,  Sytnikova 
discovered  the  carriers  of  the  mosaic  blight  of  wheat,,  V,  ft.  Kreutzberg 
ascertained  trine  responsible  for  the  propagation  of  the  rosette  disease 
in  the  o’stachio  nut,  V.  T,  Krivik  worked  with  riant  lice,  carriers  of  the 
virus  disease  of  Wtatoes, 

Virus  diseases  of  nlants  have  beer  studied  very  diversely  by  Soviet 
scientists.  Of  irterest  are  the  nathclogic  1,  aratomical  works  of  E,  la, 
Rokhlira,  P,  V,  Mikhailova,  and  others.  The  anatomical  method  makes  it 
possible  to  diagnose  disease  of  the  nature  of  dig-bud  in  the  tomato,  even 
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in  cans  ard  other  foodstuffs  orepared  front  diseased  tomatoes. 

In  cytological  works  special  attention  was  paid  to  crystallic  in¬ 
clusions.  M.  T.  Goldin  described  new  tynes  of  crystals  in  the  mosaic 
disease  of  the  tobacco  nlant,  using  a  micromarinulator  in  studying  them. 

K.  S,  Sukhov  and  A.,  w.  Vovk  studied  virus  crystals  in  the  mosaic  blight  of 
wheat  in  rosette  and  breaking  disease  of  the  tulip.  Mary  facts  have  been 
found  facilitating  the  diagnosis  of  virus  diseases  from  c  ryots'1  . 

Pathophysicological  studies  have  always  occupied  an  outstanding  place 
in  Soviet  investigations  of  virus  diseases.  The  first  writings  along  these 
lines  dealt  with  the  transformation  of  matter  in  dig-bud, (i.  K.  Korachevsky) 
and  catalysis  in  virus  diseases  of  the  tobacco  plant  and  potato  (V.  L. 
Ryzhikov  and  I,  K,  Korachevsky. )  Mention  must  be  made  of  the  extensive 
studies  of  V.  F,  Kuprevich,  and  also  of  A.  I.  Kokin.  L.  Kh.  Kara-Murza 
has  studied  systematically  the  physiology  of  curly  leaf  in  the  cotton  plant. 
The  phosphorus  metabolism  in  virus  diseases  of  plants  was  first  studied  in 
the  USSR,  and  here  too  the  infiltration  method  for  the  study  of  the  fermen¬ 
tative  activity  of  diseased  plants  was  first  applied.  Likewise  experiments 
were  conducted  for  studying  diseased  plants  under  conditions  of  starvation 
(V.  L.  Ryzhkov  ard  collaborators.)  As  a  result  of  these  works  it  was  not 
only  oossible  to  define  from  a  pathophysiological  ooi^t  of  view  a  whole 
series  of  virus  diseases,  but  likewise  to  obtain  general  results.  Thus 
it  was  established  that  with  the  mosaic  disease  in  tobacco  plants  there  is  * 
a  sharp  increase  ir  the  relationship  of  albumin  nitrogen  to  albumin  phos¬ 
phorus,  which  points  to  a  decrease  of  phosphorus  in  the  diseased  plant.  It 
has  been  shown  that  with  a  lack  of  nitrogen,  plants  affected  with  mosaic 
disease  expend  nitrogen  more  economically  than  healthy  plants,  etc.  In¬ 
teresting  data  obtained  by  L.  H.  Kara-Murza  confirm  the  origin  of  tonnic 
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substances  from  hydrocarbon.  The  examples  mentioned  show  the  importance  of 
the  Soviet  school  in  the  blazing  of  new  trails  for  the  pathophysiology  of 
virus  diseases  in  plants* 

Sereological  studies  were  first  conducted  by  B.  P.  Matsulevich  in  the 
laboratory  of  T.  I.  Fedotov.  Upon  organization  of  a  virus  laboratory  in 
the  Moscow  Station  for  Plant  Protection,  its  manager.  Prof.  M*  S.  Punin 
has  paid  much  attention  to  the  development  and  improvement  of  the  sereological 
method.  The  drop  method  of  this  author  permits  to  apply  serodiagnosis  under 
field  conditions.  P.  4.  Gerasimov,  T.  L.  Kudriavtsev,  E.  P.  Shatova  have 
worked  or.  improved  nrenaration  of  various  serums, 

4  characteristic  feature  of  Soviet  works  dealing  with  virus  diseases 
is  the  emDhasis  placed  on  attempts  to  combat  them.  Previously  it  has  been 
mentioned  that  T.  P.  Khudyna  has  devised  a  system  of  measures  contributing 
to  a  drastic  decrease  of  virus  diseases  in  the  tobacco  plart.  M.  F.  Ternovsky 
and  I.  P.  Khudyna,  b  means  of  interspecie3  hybridization,  have  developed  a 
clever  method  permitting  to  remove  the  virus  of  mosaic  disease  f  rom  the  sur¬ 
face  of  tomato  seeds.  Works  of  the  same  authors  have  brought  about  a  system 
of  methods  for  conbatting  virus  diseases  of  tomatoes  under  conditions  of 
protected  ground.  The  curly  leaf  of  cotton  plants  wa3  a  serious  threat  to 
crops  in  Azorbeidjan  in  certain  years,  but  thanks  to  the  works  of  S.  M. 
Moskoveto  and  collaborators  it  was  possible  to  reduce  the  disesse  of  cotton 
plants  to  insignificant  proportions. 

To  Soviet  scientists  may  be  ascribed  a  preat  na^y  new  ideas  in  the 
combatting  of  virus  diseases.  The  feature  which  all  these  ideas  have  ir 
commpr  was  the  attemnt  to  net  on  the  virus  diseases  through  changes  in 
ecology.  Tn  this  connection  mention  should  be  made  of  the  work  of  T.  K. 
Korachevsky  who  proposed  dense  plants  rgs  In  order  to  combat  dig  bud,  a 
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definite  watering  regime,  a  mulching 
dealing  with  rosette  disease  by  S.  D. 

t 

and  others. 


of  soil,  etc.;  also  of  the  works 
Grebennikov,  Sh.  Sh.  Khairullin, 


Aside  from  work  of  a  phytophatholcgical  character  there  also  was 
developed  in  the  USSR  an  original  slant  in  investigations  of  filtrating 
viruses.  Soon  after  Stanley  segregated  the  virus  of  the  tobacco  rosaic 
disease  in  the  form  of  a  pure  albumin  preparation,  we  obtaired  this  virus 
by  original  method,  which  as  the  works  of  E.  P.  Shsetova  have  shown,  may 
also  be  utilized  in  obtaining  the  virus  of  the  mosaic  disease  in  ootatoes. 

World  scierce,  including  the  Soviet  scientists,  were  faced  by  the  fact 
that  some  of  the  filtrating  viruses  were  neucleoproteids  canable  of  forming 
real  crystals  or  paracrystals.  The  filtrntirg  viruses  which  in  the  course 
of  a  great  many  years  would  escape  us  through  the  pores  of  the  chamberlain 
candle,  and  which  gave  rise  to  many  suppositions,  wore  now  in  our  hands. 

The  widest  possibilities  opened  before  science,  and  a  serious  responsibility 
rested  on  the  shoulders  of  investigators.  What  means  to  chose  in  order  to 
make  these  new  unusual  facts  understandable  and  reconcile  them  with  our 
existing  concept  of  life? 

The  work  of  foreign  investigators  was  cor due tod  principally  along  the 
lines  of  studying  ohysical  and  chemical  properties  of  virus  nrotein*  Be¬ 
cause  all  efforts  were  concentrated  in  this  direction  ir  a  short  time  virus 
albumins  were  studied  chemically  and  physically  rot  less  thoroughly  than 
accessible  albumin  matter.  However,  very  little  attention  was  D*id  to  t.he 
biological  activity  of  virus  albumi*  ard  to  the  problem  of  self-renroduction, 
while  these  very  Questions  were  given  the  center  of  attention  by  Soviet 
scientists,  who  deserve  credit  for  devisirg  clans  in  conducting  research, 
for  original  methods  of  research  ard  for  obtaining  the  first  significant  results. 
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Accord4 »>f»  to  the  plans  nrovidirg  for  there  invert igatiors,  it  was  > 

roce«rary  to  H rd  out  first  of  all  whether  sore  biological  or  bio-  f 

chemical  activity  could  r.ot  be  nrcerta' red  in  vitro.  The  first  investigations 
conducted  by  V.  I,.  Ryzhkov  and  X.  S.  Sukhov  revealed  no  fermentative  activity 
in  preparations  of  virus  albumin,  ;:nich  apparently  reran '  rs  true  to  this  day, 
because  at  times  indications  of  the  fermentation  of  certain  proteins  may  be 
conditioned  by  the  addition  of  corresponding  ferments.  Another  series  of 
exneriments  was  devoted  to  attempts  at  binding  active  <-roups  of  virus  al¬ 
bumin  and  at  ascertaining  upon  what  fundamentals  the  biologies!  activity 
of  the  virus  rests.  These  investif.at.icrs  conducted  by  ?.  A.  Agatov  oro- 
duced  results  similar  to  those  obtained  by  foreign  scientists  which  were 
published  about  t,he  same  time. 

The  ^esire  to  ascertain  t.he  nlace  occupied  by  virus  albumin  -amors 
other  nlnrt  albumins  has  made  us  search  for  trays  of  dividing  these  slant 
protons.  Ve  were  rot  able  to  ascertain  that  to  the  ertert  that  virus 
albumin  would  accumulate  in  &  plant  the  cuartitv  of  other  albumins  vcild 
decrease.  Later  however,  as  mentioned  above,  it  was  possible  to  demon¬ 
strate  that  with  the  accumulation  of  virus  albumin,  the  plant  proteins  are 
subjected  to  a  far-roachire  Qualitative  charge. 

The  study  of  the  pathophysiology  of  the  diseased  plant  helps  hut  little 
in  ascertaining  the  biochemical  shifts  which  cause  an  accumulation  of  virus 
albumin,  because  it  is  impossible  to  exclude  at  the  same  tire  the  occur¬ 
rence  of  deep  secondary  changes  resulting  from  the  diseased  condition  of 
the  asci-ilatory  apparatus  in  the  plant,  srd  other  syrniorss. 

Ir  order  to  study  the  physiologic*!  conditions  of  virus  accumulations 
we  suer* .-ted  a  method  which  has  beer,  called  "method  of  halver."  The 
■*  -o'*  tori  tobacco  leaves  a  re  rubbed  with  juice  cortairrir*  virus  ,*.K  arc 
then  cut  .v»o-p  tre  main  stem,  ore  hil*  of  »he  lcar  b*,«y»  used  for  exncri- 
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rrorts,  ^nd  the  second  for  control 

Thor-3  h-ivo  also  beer  corrected  rlr.rrod  irvestirntiors  of  the  ohysioloerical 
conditions  of  virus  accurulatior.  First  of  nil  this  rears  st.’idyirtf  virus 
eccumnlnMon  under  loss  of  ritrorer  a^d  nhosnhoms.  These  experiments  by 
Pvzhkov  nrd  Smirnov?  have  definitely  sho-n  that  order  co  edit,  lev's  of  star¬ 
vation  t.hc  virus  albumin  is  ret  sub tt. ted  to  hvdrolysis,  the  virus  titre  beinm 
ns  hirh  as  ir  rorrrall y  feedtrrr  olarts. 

The  latter  conclusions  however  have  been  contested  by  American  authors, 
ard  at  the  present  time  the  nuestion  has  oeen  rreatly  complicated  by  the 
fact  that  the  existence  has  been  proven  of  a  Diant  virus  in  bound  form, 
whereas  previous  experiments  have  shown  only  a  soluble  virus.  Virus  in 
plastids  was  found  by  Ryzhkov  and  Snirrova,  was  later  confirmed  in  iirglish 
investigations,  which  have  revealed  a  great  quantity  of  virus  in  plant 
fibers. 

When  we  started  this  work  it  was  necessary  to  ascertain  tha  most 
elementary  ouestions,  because  we  were  working  on  virgin  territory.  As  a 
result  it  was  possible  to  determine  the  temperature  limits  of  virus 
accumulation,  the  interrelationship  betweer  tha  accumulation  of  virus  and 
partial  pressure  of  oxvrer,  accumulation  of  virus  order  perditions  o* 
rarcosts,  etc.  Systematic  loves* tvatia*s  *«'sro  racks  ir  order  to  d*tcr.-!~e 
to  what  extent  the  accumulation  of  virus  dererded  neon  various  fermentative 
systems.  S’e  used  inhibitors  of  fermentative  systems  ard  obtained  a  whole 
series  of  negative  results)  for  Irst-irce  we  determined  toe  ircoperdorco  of 
the  selfrep reduction  of  virus  from  glycolithic  processes,  froa  farms*,  n  to 
acting  with  sulphuric  combinations  and  pyrophosphate,  etc.  At  the  a srs 
tine  substances  were  discovered  espable  of  supprosrirg  the  accumulation 
of  virus,  such  as,  tpyamin,  dinitrophenol,  and  sore  acridimlc  orenarotions# 

The  study  of  the  relationship  of  virus  accumulation  from  cations  hsa  led 
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to  nr  unexpected  discovery  th'it  some  cations  suprress  the  accumulation 
of  vims,  while  others  do  rot  have  these  functions.  There  was  nothing 
analogous  in  ary  foreign  literature,  not  countirp  works  dealing  with 
hac  tcriorh-V'f'S. 

"iltrating  viruses  are  of  scientific  interest  rot  only  as  sue'’,  hut 
ns  a  model  for  the  study  of  various  peroral  biolordcnl  oroblcrrs.  It  is 
from  this  poirt  of  view  that  the  liowid  virus  crystals  have  been  studied. 

It  had  been  found  that  the  hydrofoil  colloids  cause  a  segregation  of  virus 
in  the  form  of  liouid  crystals  which,  topether  with  other  similar  ones, 
were  studied  as  a  model  for  paracrystallic  structures  of  cytoplasm.  *or 
a  long  time  it  was  rot  clear  how  crystal lie  virus  deposits  are  formed  in 
the  cell  of  the  diseased  olant,  because  outside  of  cells  it  was  possible 
to  obtain  vims  of  a  crystallic  formation  only  in  abiological  conditions 
(low  pH,  great  concentrations  of  ammonia  sulphate.) 

In  original  phase  in  the  study  about  virusos  is  the  influence 
exercised  by  viruses  on  the  formation  rrocess  in  plants,  A  whole  series 
of  experiments  have  shown  the  possibility  of  obtaining  artolyses  by  means 
of  viruses,  and  on  hard  of  the  material  affected  by  virus  it  became 
oossiblo  to  study  various  regular  processes  in  the  flo*wr  formation. 

Lately  it  has  become  fashionable  to  Juxtopose  virus  end  re^es,  as  a 
result  of  vMch  sore  American  investigators  arrived  at  the  most  extreme 
conclusions.  Thus  Tirlington  rsairta^rs  that  there  ia  ro  fundamental  dif¬ 
ference  between  infection  and  heredity,  while  'hoi  assumes  that  the 
genetically  conditioned  heterogenous  form  my  became  Infectious.  In  our 
Soviet  literature  ouestions  of  this  sort  had  been  discussed  lr  detail,  even 
before  the  discovery  of  the  albumin  nature  of  virus,  witness  the  woro- 
jrraph  station  and  diseases  of  the  Chlorophyll  Grain*  {I*o-cow,  1933*) 
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We  believe  that  these  vrcrks  have  demonstrated  the  futility  of  doing  away 
with  the  principal  difference  between  heredity  and  infection.  There  ie  no 
necessity  of  addins  anything  at  all  to  th.jrc  facta  obtained  more  than  10 
years  ago.  The  conclusions  of  farlingtcr  arc  Woes  remind  of  the  pre-?asieur 
teaching  of  self-generation,  and  shew  a  deterioration  of  scientific  thought. 

In  making  general  conclusions  and  wishing  to  define  the  most  sig¬ 
nificant  poirts  for  the  comprehension  of  viruses  by  Soviet  scientists,  it 
must  be  stressed  that  our  investigators  had  no  part  in  the  separation  be¬ 
tween  viruses  and  the  biological  medium  in  which  they  circulate.  Although 
mary  filtrating  viruses  were  capable  of  crystallising  with  albumin,  we 
considered  it  incorrect  to  regard  the  study  of  viruses  as  a  chanter  in  bio¬ 
chemistry.  Viruses  are  not  only  matter,  but  matter  of  a  special  order, 
capable  of  parasitism,  equipped  with  properties  having  arisen  in  the  process 
of  the  struggle  for  survival  and  selection.  This  permits  to  speak  of  the 
divergence  of  viruses  and  to  demand  a  natural  philogeretic  system  for  them. 
It  shows  that  viruses,  owing  to  the  very  methods  of  stuayirg  them,  are  on 

the  harder  lire  between  living  and  non-living. 

Nl 

Thirty  years  have  gone  by,  during  which  Soviet  investigators  have 
classified  the  majority  of  virus  diseases,  have  described  many  new  virus 
diseases  in  plants,  studying  their  propagation  in  nature,  orescribing" 
new  and  original  means  of  combatting  them,  using  simple  and  effective 
methods  of  investigation;  finally  they  have  taken  their  place  in  world 
science  by  means  of  their  own  progressive  concepts  on  the  nature  of  virus, 
which  enables  to  express  all  qualitative  peculiarities  of  these  remark¬ 
able  albuminous,  crystallizing  parasites  which  autonomously  circulate  in 
nature  and  enter  into  most  complex  relationships  with  various  insects  and 
plants.  / 
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